Abstract: The diversity of vegetation and the environment in the Late Glacial period in the Elbe region is illustrated by a comparison of three palynological localities. The localities differ in their history, profile lithology and position relative to the Elbe river. The Hrabanovská černava profile holds a record of the development of a shallow lake, which was surrounded by a cold continental steppe in the Early Dryas. Evidence of a pine forest in the Late Glacial period is captured in the surroundings of the profile Chrást. The Mělnický úval -Přívory locality is an interdune infill, where marl sediments redeposited in shallow water. The surrounding vegetation was diffuse and influenced by erosion. In the Early Holocene, the landscape was covered by an open birch-pine forest. Broad-leaved woody species appeared later. Localities in the Elbe region share a high proportion of Pinus throughout the Holocene as a result of the spread of drift and terrace sands. The human impact in the mid Holocene manifests as evidence of intensive charring of localities.
Introduction
Central-European Late-Glacial climatic conditions are generally reconstructed as unstable. The younger Dryas was the most recent cold oscillation of the Pleistocene, which affected the entire Northern hemisphere (e.g., Alley 2000; Broecker et al. 2010; Taylor et al. 1993; Severinghaus & Brook 1999) . This period is characterized by intensive erosive-accumulation processes. Lakes and marshes formed under the influence of these processes. The Holocene is altogether climatically stable and without large fluctuations but is accompanied by changes in vegetation and the fauna (Ložek 1973; Lang 1994) .
Late Glacial palynological evidence is recorded mainly at higher elevations of the Czech Republic (Rybníčková & Rybníček 1996; Pokorný 2004b) . Some localities were created after the retreat of montane glaciers such as in the Labský důl valley (Engel et al. 2010) , the Plešné jezero Lake (Janovská 2006) or the Stará jímka locality in the Šumava Mts (Mentlík et al. 2010) . The Late Glacial vegetation at this locality is reconstructed as a montane tundra. An upward shift of the treeline took place as late as in the Early Holocene. Many montane peatbogs originated in the Late Glacial period (Svobodová et al. 2002) .
A number of localities have also been found at colline elevations, for example, Kameničky (Rybníčková & Rybníček 1988) , Velanská cesta (Bešta et al. 2009 ). There is a detailed Late Glacial log from the locality Švarcenberk (Pokorný 2002) and from other places of the Třeboň basin (Jankovská 1988 ). Vegetation at medium elevations has been reconstructed as comprising birch, pine and willow stands.
Paleobotanical evidence of the Late Glacial in the lowlands of the Czech Republic is only sporadic. In Moravia, there are records from the localities Vracov (Rybníčková & Rybníček 1972; Svobodová 1989) , Dvůr Anšov (Svobodová 1997) and Černovír (Jankovská 2003) . Only the turns of the Late Glacial and the Holocene (Jankovská 2000) and younger periods are logged at the Komořanské jezero lake.
A different character of the vegetation in the Late Glacial period has been recorded in the Western Carpathians, where evidence of the continual presence of a forest is present in the sub-Tatran basins not only in the Late Glacial (Jankovská 1988; Rybníček & Rybníčková 2002 ) but also in the Last Glacial Maximum (LGM) and MIS 3 periods . The Late Glacial vegetation has been interpreted as predominantly coniferous forests with the occurrence of Larix and Pinus cembra. In the Pannonian lowland, there is a relatively high proportion of broadleaved woody species besides conifers in the Late Glacial. This is documented in the Tisza region (Magyary et al. 2010 ) but also in west Slovakia and the locality Šúr on the outskirts of Bratislava .
The Late Glacial and Early Holocene periods along the middle section of the river Elbe was studied by Ložek & Šibrava (1982) , who focused mainly on fluvial sediments, fossil soils and malacozoology. Research of the Elbe basin is summarized in the works of Růžičková & Zeman (1994) , , and Kalicky (2006) . Butler (1993) carried out tentative analyses of material from several localities, including meanders of the river Elbe in an area Kozly village and the catchment of the Pšovka stream. With the exception of the locality Chrást from the Late Glacial , meanders of the Elbe studied palynologically are of Holocene age (Břízová 1998; . Profiles indicate a floodplain vegetation dependent on the development of the river. Late Holocene localities were strongly influenced by human activity.
Another important locality is the Hrabanovská čer-nava fen, where Losert (1940a) processed altogether four profiles and also attempted to identify certain herbs in addition to pollen grains of woody species. He ascertained the age of the lake sediment under study to be of Late-Glacial vintage. Ložek (1955) carried out an analysis of fossil molluscs of the Hrabanovská čer-nava. Absolon (1969) examined limnic sediments at the Hrabanovská černava and its immediate surroundings. Further palynological research of the locality was carried out by Pacltová & Hubená (1994) , who processed a Holocene profile in the part situated south of the former lake. Losert (1940b) also carried out a palynological study of the Mělnický úval valley. Research of freshwater chalk sediments near the village of Malý Újezd (near the town of Mělník) carried out by Ložek (1952) was focused on potential mining of the deposit. The author performed a malacozoological analysis of several profiles of Holocene age. Absolon (1972) carried out a detailed study of the area of the Mělnický úval with a focus on the stratigraphy of limnic sediments including an analysis of fossil ostracods.
The objective of this study is to compare three pollen profiles in the Elbe region formed in the Late Glacial interstadial. The localities underwent different development and their sedimentary infill is entirely different. Differences in their origin and complexity of their development nicely illustrate the diversity of conditions and environmental changes in the lowland at the end of the Pleistocene.
Site description
All sites of interest are situated in the central part of the Bohemian basin along of river Elbe (Fig. 1) . The underlying geology is built of marine chalk sediments and is for the most part overlaid by Quaternary surface deposits -loess and river terraces (Balatka & Sládek 1962) . Present-day climate conditions are characterized by a mean annual temperature of 8.7
• C and a mean annual sum of precipitation of 527 mm. (meteorological station in Mělník; Culek 1996) .
The Hrabanovská černava fen is located at the NW fringe of the town Lysá nad Labem. The altitude of the locality is 185 m a.s.l. The former lake at the place of today's fenny meadows was formed in the Late Glacial development of a sand dune and damming of flow from springs at the southern foot of the slope (Absolon 1969) . Fens developed at the opposite side of the dune are of Holocene age (Pacltová & Hubená 2004) . The locality comprises a complex of fenny meadows, waterlogged willow stands, small water bodies and sandy pinewoods, today surrounded by fields and pine forests. Today's vegetation diversity is a result of past geomorphological development and prolonged intensive human activity (Husáková et al. 1988) . Present-day small water bodies in the central and southern part of the locality are a remnant of peat mining at the end of the 19 th century. Parts of the fenny meadows at the locality have been drained by a system of ditches. The profile under study was sampled in the northern part of the reservation, where there are sediments of a glacial lake (location 50
• 13 10 of a glacial lake (location 50
• 13 10 N 14
• 50 11 E). For the purpose of dating the origin of the sand dune, a profile which would intercept drift sand material for pollen analysis and dating was sampled. A profile through the dune was taken from a pit on the side adjacent to the former lake. The location of the pit is 50
• 13 10 N; 14
• 49 58 E. The Mělnický úval -Přívory locality is located 5 km south-east of the town of Mělník in the depressed area of the Mělnický úval. The altitude is 175 m a.s.l. The Měl-nický úval is an 18 km long shallow valley separated from the Labská floodplain by the Cecemínský and the Turbovický hřbet ridges with a relative altitudinal difference of around 50 m. The infill of the Mělnický úval valley is composed of drift sands, fens and redeposited marl (Absolón 1972) . The locality has been completely drained and turned into a field. The profile under study was sampled between the villages of Přívory and Vavřinec at a place called "Wet meadows", where Losert (1940a) ). The bedrock is a gravel-sand terrace from the last glacial period (Kalicki 2006) . The surrounding Pleistocene gravel terraces were described mainly by Balatka & Sládek (1962) and Žebera (1956) . Růžičková & Zeman (1994) and Kalicki (2006) described the Holocene alluvial deposits in the study area. A Holocene environmental reconstruction based on pollen data from the nearby sites Chrást, Kozly and Tišice is presented by Břízová (1998) , and Dreslerová & Pokorný (2004) . The locality is situated 1.5 km south of Všetaty village (50
• 15 50 N; 14 • 35 10 E) about 2 km from the present-day river course and 5 m above its water level (Fig. 1) . Cornfields prevail in the surrounding landscape whereas semi-natural habitats such as dry pine forest or alluvial wetland vegetation are present locally.
Methods

Profile sampling
At the Hrabanovská černava, sediment was sampled using a piston corer (diameter 5 cm) ( Table 1) . Samples for pollen analysis were taken from the profile at 3 cm intervals, omitting a sandy layer at the depth of around 200 cm. The bore core was then divided into 10 cm sections to obtain mollusc shells and plant macrofossils (by flotation on sieves of 0.25 mm mesh aperture) for the purpose of dating. The Hrabanovská černava -dune profile was dug, but taking samples of the fen underlying the drift sands was limited by ground water. The profile was therefore taken from an open pit using an open tube sampler 5 cm in diameter (Table 2) . From the bore core, five samples were taken for pollen analysis. Plant material for radiocarbon dating was obtained by flotation. The upper sandy fen (0-40 cm) was not analysed. The Mělnický úval -Přívory profile was taken at the locality from a pit using three sheet metal boxes 50 × 20 × 20 cm in size hammered into the walls of the pit (Table 3) . The topsoil and a layer of sediment strongly influenced by recent agricultural activity were not sampled. Samples for pollen analysis were taken from the profile at 2 cm intervals in the depth from 24 to 40 cm and at 3 cm intervals from the depth from 43 to 106 cm. The sediment was then divided into 10 cm thick layers and subjected to flotation. Shells of molluscs and plant macroremains for radiocarbon dating were obtained from the sediment. A trench was dug at the Chrást locality to expose a stratigraphic section. The profile was excavated the section of the pit studied, which was 2 × 2 m in area and 2.85 m deep (Table 4). After field documentation, samples were taken into steel boxes (10 × 10 × 50 cm). Every 3 cm of the lithological record (or more if sandy layers were present) were sampled for the pollen analysis, and a sample macrofossil and charcoal analyses was taken every 10 cm of the section. Pollen analyses were carried out following the standard acetolysis method using HCl and HF acids (Moore et al. 1991) . Pollen grains were determined using pollen keys (Beug 2004; Reille 1995 Reille , 1998 . No less than 500 grains of terrestrial pollen per sample were counted. Only the case of the Hrabanovská černava -dune profile, fewer grains were counted because of low concentrations of pollen. Pollen diagrams were plotted using POLPAL for Windows (Nalepka & Walanus 2003) including numerical analyses (Rarefraction, Conslink, PCA) for the visualization and the interpretation of the pollen data and determination of local pollen zones. Cyperaceae and local wetland species were excluded from pollen sum. Radiocarbon dating was performed using the C 14 AMS method at the Radiocarbon Laboratory in Poznań. The pine trunk was dated using the conventional C Table 1 . Depth-age models were not ploted due to small numbers of dates, time span (Hrabanovská černava and Mělnický úval -Přívory) or sedimental complexity (Chrást). These conditions are not suitable for reliable age modeling (Blaauw 2010) . Statistical analyses CANOCO v. 4.5 (ter Braak and Šmilauer, 2002) was used to compare all samples as to the species composition of plant pollen. A detrended correspondence analysis (DCA) was carried out to check the length of the gradient.
The maximum length of the gradient was 1.93, so a principal components analysis (PCA) was performed. A logarithmic transformation of the percentage data centred by samples and species was used.
Results
Pollen analysis
Profile Hrabanovská černava (Fig. 2 ) LPZ H1 (206-217 cm) Pollen in this sample is present in low concentration and has been poorly conserved. AP predominate in the spectrum (up to 80%) over NAP. The pollen spectrum is dominated by Pinus sylvestris; other woody species are sporadically represented by Betula, Betula nana, Picea abies, Alnus, Salix and Tilia. Cyperaceae predominate in the herb spectrum; less represented are Gramineae, Artemisia, Chenopodiaceae, Asteraceae subfam. Cichorioideae and Campanula. Also recorded are algae of the genus Bothryococcus. A layer of drift sand at the depth of 197-206 cm does not contain a pollen record. LPZ H2 (197-138 cm) The AP to NAP ratio in this zone varies between 25% and 50%. Pinus sylvestris predominates in the AP spectrum. Represented is Betula, Alnus, Salix, to a lesser degree Juniperus, Picea abies, Betula nana and Salix herbacea-type pollen. Only sporadically recorded are Tilia, Abies, Carpinus, Corylus, Carya and Pterocarya. The herb spectrum is dominated by Cyperaceae. Gramineae Artemisia and Helianthemum, which have a closed curve. Recorded are Thalictrum, Chenopodiaceae, Ranunculaceae, Gypsophila repens-type, Anemone-type, Asteraceae subfam. Cichorioideae, Linum, Plantago lanceolata, P. alpina, P. media, Rumex acetosella, Filipendula and some others. Local aquatic pollen types are strongly present; dominant taxa are Myriophyllum spicatum, M. verticilatum, Potamogeton, Ranunculus subgen. Batrachium, Nymphaea, Nuphar and Typha latifolia. Algae have a strong presence, too, Pediastrum boryanum agg. being dominant. Other members of the genus, P. integrum, P. duplex and P. kawraiskyi are represented to a lesser degree and disappear by the end of the LPZ. LPZ H3 (135-78 cm) In this zone, AP predominate over NAP, the ratio being between 90 and 85%. Pine is the main dominant with a proportion ranging from 60% at the beginning of the zone to 90% at its end. The increase in the proportion of pine is compensated by a drop in the curve of birch from 35% to less than 10%. Other woody species are initially present but only sporadically; the only detected taxa are Alnus, Picea abies, Populus, Tilia and Fagus. The second half of the LPZ (102-78 cm) is characterized by an increase in the number of woody species. Quercus, Corylus, Abies alba, Tilia and Fagus start to appear. Shrubs are represented only by willow and sporadically juniper. Herbs are represented mainly by the genus Artemisia and the families Gramineae and Cyperaceae. Their curve is around 5% and is closed. Only the genus Artemisia retreats near the end of the period. Other herbs are present only sporadically: Thalictrum, Helianthemum, Anthemis-type, Ranunculaceae, Asteraceae subfam. Cichorioideae, Rumex acetosella-typ, Aster-type, Filipendula, Chenopodiaceae, Umbelliferae, Rubiaceae, Polygonum aviculare. Aquatic species are mainly represented by algae of the Pediastrum boryanum aggregate. Aquatic macrophytes are rarely represented by the taxa Potamogeton, Myriophyllum verticillatum, M. spicatum and Nymphaea, which disappear together at the depth of around 102 cm. The occurrence of algae of the Pediastrum boryanum aggregate ends in the layer at 111 cm. LPZ H4 (75-18 cm) Exhibits rapid development. An oscillation in AP occurs around 85-90 %. In the woody spectrum, Pinus recedes to 45%, but other woody plants increase. Newly present are Ul- mus and Carpinus. Quercus reaches 20% and Betula 10%. Similarly, Picea reaches over 10%. Fraxinus, Fagus, Populus, Tilia, Corylus and Salix are rare. Sporadically present are Viscum, Calluna and Frangula. Herbs are represented mainly by the Cyperaceae, to a lesser degree Gramineae, Artemisia and Thalictrum. At the beginning of the period, there is a high proportion of the pollen type Asteraceae subfam. Cichorioideae, which later disappears, however. Scarcely present are Filipendula, Thalictrum, Chenopodiaceae, Aster-type, Anthemis-type, Plantago lanceolata and Rumex acetosella-type. The aquatic element is represented by Typha latifolia and Utricularia. LPZ H5 (15-3 cm) The proportion of AP drops to 85%. The proportion of conifers grows in the woody spectrum (Pinus and Picea) above that of deciduous trees. The curve of Pinus rises above 50%; Picea reaches 5%. Quercus and Betula both have 5%. Scarcely recorded are Ulmus and Fraxinus. Willows are represented below 5%. Juniperus starts to appear, heather is less common, and Viscum occurs sporadically. Herbs exhibit certain changes. Also significant is the increase of Avena-type, Centaurea cyanus, Chenopodiaceae, Rumex acetosella-type, Plantago lanceolata and Asteraceae subfam. Cichorioideae pollen. Sparsely represented are Plantago media, P. media, Thalictrum, Filipendula, Fagopyrum, Centaurea scabiosa, C. jacea, Umbelliferae etc.
Profile Hrabanovská černava -dune (Fig. 3) The AP/NAP ratio decreases from 50% in the bottom layer (199 cm) to 10% in the top sample (166 cm). The woody spectrum is composed mainly of Pinus sylvestris. Less common are Betula, Aldus and Picea. Other woody species (Abies, Corylus and Tilia) may indicate contamination. The only shrubs detected are Salix, Salix herbacea-type, Ephedra distachia-type, Juniperus and Betula nana. Sedges, which reach a proportion of over 50%, predominate in the herb pollen spectrum. Less abundant are Gramineae, Helianthemum, Chenopodiaceae, Artemisia and others. In the uppermost layer, there is a significant amount of pollen of the Gypsophila repens type. Aquatic algae are represented only by the genus Pediastrum.
Profile Mělnický úval -Přívory (Fig. 4) LPZ P1 (106-76 cm) AP/NAP fluctuates between 40% and 90%. The woody spectrum is composed mainly of pine with a proportion between 20% and 80%. The proportion of Betula varies between 10% and 20%. Remaining woody species are represented sporadically, only Alnus and Picea being more common. Willow has a closed curve. Salix herbacea-type occurs only sporadically. Betula nana and Juniperus are present only at the very base of the profile. In the herb spectrum, a closed curve is exhibited by Artemisia and Gramineae. Also markedly present are Thalictrum, Chenopodiaceae, Hordeum- sented by Myriophylum spicatum and the genus Nymphaea. Aquatic algae are represented mainly by the abundant Pediastrum boryanum agg.; P. duplex and P. integrum occur sporadically. LPZ P2 (73-38 cm) AP/NAP varies between 90% and 80%. Pinus predominates with a proportion of around 70%. Betula fluctuates between 10% and 20%. Sporadically present are Alnus, Picea, Ulmus and Populus. Shrubs are represented only by an incomplete curve of Salix. Juniperus is also recorded at the beginning of the zone. Herbs do not differ too much in their composition from the previous zone. Gramineae and Artemisia dominate. Less represented are Thalictrum and Chenopodiaceae. Sparsely recorded are Helianthemum, Hordeum-type, Anthemis-type, Ranunculaceae and Asteraceae subfam. Cichorioideae. Local hygrophilous types comprise Cyperaceae with a proportion of around 10% and Filipendula. The only aquatic macrophytes are sporadic Nymphaea and Myriophyllum spicatum. Aquatic algae are represented practically only by Pediastrum boryanum agg., which disappear at the end of the LPZ. LPZ P3 (36-24 cm) The AP/NAP ratio drops from 95% to 70%. The pollen spectrum of woody species is still dominated by Pinus, even though it decreases from 90% to 60%. Betula takes up 10%. Newly occurring genera are Quercus, Tilia, Corylus and Fagus. Herbs are represented less than in in the preceding LPZ. Gramineae clearly dominate; much less common or even sporadic are Artemisia, Thalictum, Chenopodiaceae, Ranunculaceae and Asteraceae subfam. Cichoroideae. Cyperaceae significantly increase their presence from 5% to over 20% in this period. Neither aquatic macrophytes nor aquatic algae are present in this zone.
Profile Chrást (Fig. 5 ) LPZ CH1 (261-279 cm) AP/NAP ratio is about 80%. Curve of Pinus increases from 40 to 90%. While Betula decline from 30 to 10%. Salix and Juniperus form closed curves. Pollen of Alnus, Picea, Ulmus and Tilia was very rare. NAP is dominated by grasses and sedges. Helianthemum, Chenopodiaceae and Thalictrum occur occasionally. Water species were represented e.g. by Myriophyllum, Batrachium and algae Pediastrum. LPAZ CH2 (120-260 cm) AP/NAP ratio varies between 50-85%. Pinus (50-80%) and Betula (5-20 %) dominated, whereas Picea, Juniperus, Alnus and Salix were rare. In NAP, sedges (30%) prevailed over grasses (5%). Variable occurrence had pollen taxa: Artemisia, Ranunculaceae and Umbeliferae. Occurrence of water taxa (Myriophyllum, Potamogeton and Pediastrum was sporadic. LPAZ CH3 (86-120 cm) AP/NAP ratio is about 70 %. Pinus dominated, but curve falls from 80 to 50%. Only in zone broad-leaved woody species of mesophilous habitats expanded (Corylus, Fraxinus, Quercus, Tilia). Curve of Betula, Picea, Tilia, Quercus, Corylus and Alnus rapidly increases. Ulmus, Fagus and Abies appeared. Grasses and sedges still create an important component of NAP spectra. Other herbs taxa (Artemisia, Chenopodiaceae, Thalictrum, Ranunculaceae and Umbeliferae) were less common. Cerealia pollen appeared. Wetland taxa absented, the only with exception was pollen of Typha latifolia. Microcharcoal (including grasses type) had massive occurrence and increasing tendency since depth of 100 cm. Quality of preservation in this zone was bad (mechanically and chemically damaged pollen grains).
Pollen grains from the depth of 0-86 cm are largely degraded and not identifiable; therefore the pollen record cannot be used for the further interpretation. (Table 5) Results of statistical analysis -Hrabanovská černava The DCA shows a first-axis gradient length of 1.93 standard deviations, indicating that linear ordination techniques are appropriate. The first two axes of the PCA result explain 58.4% of the total variance; axis 1 explains 40.2% (Fig. 6 ).
Radiocarbon dating
Along Axis 1; records with a predominance of steppe species have a positive score, while records with a dominance of a pine forest have a negative score. This axis may represent a gradient from a cold and dry steppe vegetation to a pine forest with a relatively closed canopy. Alternatively, axis 1 could be interpreted as a successional trend in the development of vegetation from Younger Dryas to the Early Holocene. Axis 2 indicates a trend between samples of mixed vegetation of floodplain positions with a significant presence of marshes and samples with abundantly represented vegetation confined to dry habitats (steppe vegetation, pine stands).
The results of the ordination for the Hrabanov locality show a change of vegetation along the first axis. Vegetation dominated by steppe species in the Younger Dryas period turned into a pine forest in the Early Holocene. The second axis differentiates a gradient from marsh-lake vegetation in the interstadial period to relatively dry vegetation of pine woodlands and steppes.
Diversity of vegetation during the Late Glacial period 857
The Chrást log, by contrast, is characterized by lower definition of records in individual periods. A pine forest but also a mixture of marsh and steppe vegetation is recorded here as a variable mosaic in all periods under examination (interstadial, Younger Dryas and Early Holocene). The Přívory site holds evidence of a vegetation gradient composed of a mixture of steppe and marsh species in the period of the interstadial and from the Younger Dryas to the Early Holocene vegetation with a dominance of Pine along the axis.
Discussion
Late Glacial interstadial
The base of the sediments of the localities under study has been dated to the Late Glacial interstadial (GI-1, Blockley et al. 2012) . The formation of lakes and peatbogs in this period was relatively frequent in central Europe (Berglund et al. 1996) . The climate of the Late Glacial period was characterized by forceful fluctuations associated not only with a change of the biota but also of the relief. In the Late Glacial interstadial, warming and amelioration of the precipitation regime took place. Lakes, in which limnic and organic sediments accumulated, formed thanks to the improvement in climatic conditions. This also applies to the relatively flat central Elbe region, where the main factor affecting environmental diversity is the structure of floodplain of the Elbe and its terraces.
The Hrabanovská černava lake was created at the end of the Late Glacial interstadial deposition of a drift sand dune, which dammed up the flow from a spring basin (Absolón 1969) . This process is documented in the profile by a layer of sand at the depth of 198-192 cm. This was not a one-off process, as shown by the complex lithology of the profile Hrabanovská černava -dune, which has been dated to around 13,946-13,464 BP. Increased eolean activity at the end of the Allerød was caused by a drop in temperature and a retreat of vegetation (Broecker et al. 2010) . Similar evidence has been found at the locality Slepičí vršek in the Třeboň Basin, where a layer of charcoals from the end of the Allerød is buried under a layer of aeolian sand (Pokorný & Růžičková 2000) . In the pollen log, this is indicated by a decrease of the proportion of woody plants at the depth of 185 cm.
The origin of limnic sediments in the Mělnický úval valley is more complicated because of its diversity, extend and present-day human impact (Absolón 1972). In the area of the villages Přívory and Všetaty is a zone of drift sands, which has dammed the wide valley from the south-east to the north-west. This created numerous ponds with communities of ostracods seemed to be of Late Glacial age. The profile Mělnický úval -Přívory has been dated to 17,523-17,061 BP. This dating is older than Late Glacial interstadial and fall into GS-2, but paleoecological record not support it. The stratigraphy is not clear, there is influence of fluvial environment and problems with possible reworked material or hiatues. The profile has a complex lithology, which indicates an influx of material from the surroundings and intermittently flowing water. Pollen of Sanguisorba minor is a possible indicator of erosion of nearby marl slopes. Unfortunately, this dynamic environment had a negative effect on sedimentation. In the pollen log, this shows as strong unsteadiness of curves. Losert (1940b) reported the occurrence of macroremains of Betula nana, B. alba, Potentilla anserina, Eleocharis palustris, Hippuris vuaris, Ranunculus sceleratus, Arctostaphylos uva-ursi and Potamogeton alpinus. This suggests a mosaic of water bodies and surrounding terrestrial vegetation.
The locality Chrást was created by cutoff of an Elbe meander around 13,400 BP. At the base of the profile, there is a layer of fluvial sand formed by fading fluvial activity. Surrounding vegetation of oxbow is composed of pioneer communities of willows and birch (LPZ CH-1) as well as species of exposed fishpond bottoms and disturbed habitats. Later, a shallow water body formed, but this process was aborted by the formation of a woody fen (LPZ CH-2). Conditions in the vicinity of the floodplain facilitated the occurrence of forest formations. Forest vegetation dominated by Pinus (LPZ CH-2) therefore developed after the cessation of fluvial activity, which is documented, for example, by fossil trunks or macroremains of Fragaria vesca.
Younger Dryas -cold oscillation The Younger Dryas was the most recent cold oscillation at the end of the Glacial period (GS-1, Blockley et al. 2012) , when strong cooling of the entire Northern Hemisphere took place (Alley 2000; Broecker et al. 2010 ). The Younger Dryas was an altogether short period (ca 1,100 years, Blockley et al. 2012) . In Europe, however, it is well documented in the sedimentary and paleological record (e.g., Amman 2000) as a marked cold oscillation associated with a regression of vegetation.
The Hrabanovská černava fen was a relatively large but shallow lake; aquatic macrophytes were massively abundant in the lake environment. The lake differed from mountain localities in having a high proportion of pollen of aquatic macrophytes. Mountain lakes such as the Labský důl lake (Engel et al. 2010) or the Plešné jezero lake (Jankovská 2006 ) were exposed to a colder climate, and their pollen records contain no pollen of aquatic macrophytes, only microspores of Isoëtes. The spectrum of green Algae includes Pediastrum kawraysky, which today is distributed in northern Europe (Komárek & Jankovská 2001 ). In the early Holocene, it is known from the Komořanské jezero lake (Jankovská 2000) , from where it was subsequently displaced by Holocene vicariants. There are also relatively large pollen grains of grasses (Hordeum-type), which correspond, for example, with the genus Glyceria (Beug 2004) ; their occurrence correlates with indicators of an aquatic environment. The occurrence of Hordeum-type or even Secale-type pollen in the Glacial period and Early Holocene before the Neolithic is relatively fre-quent, as documented by localities in Europe (Tinner et al. 2007 ). It illustrates the diversity of pollen of wild grasses. The pollen spectrum at the Hrabanovská černava locality indicates an open, steppe landscape. Conspicuous dominants are Artemisia, Chenopodiaceae and mainly Helianthemum pollen. Unusual is pollen of Linum. This, together with a low proportion of pollen of woody plants (Pinus and Betula) rules out local massive presence of trees. A possible exceptions are members of the genus Salix, which are confined to the littoral zone of lakes. The rarefracted analysis reaches its maximum in LPZ H-2; the AP/NAP ratio reaches its minimum, by contrast. Open, steppe vegetation hosted a larger number of herbs than can be intercepted by a pollen analysis in forest vegetation. Similar results are also shown by pollen analogies ) from the Altai Mts where, however, the proportion of Helianthemum is not as high and comparative samples do not come from lake sediments. One analogy with the Altai Mts might reside in the continental climate, which amplifies the influence of local microclimatic conditions, promoting vegetation diversity Pelánková et al. 2008 ). H. Losert (1940b) reports the occurrence of pollen of Hippophaë ramnoides, which was not confirmed during the revision of the locality. The author probably reasoned based on analogies to the Alpine environment, where Hippophaë is common even in the Glacial period and is limited to the vicinity of watercourses (Lang 1994) . Pollen grains of Hippophaë are similar in size and partly also morphology to those of Helianthemum (Beug 2004) . The author could have confused these two taxa in his time.
At the locality Mělnický úval -Přívory, the environment and vegetation was very similar to the previous period (LPZ P1). The locality had a character of shallow ponds with sporadic aquatic vegetation. The sedimentary record, unfortunately, is not stratified very well so as to contain a detailed chronology of the Late Glacial. It provides evidence of erosion processes at the turn of the Pleistocene, however.
At the locality Chrást, the pollen record remained unchanged. The drop in temperature at the beginning of the Younger Dryas is nevertheless well documented in the sedimentary record. There was a shift from a limnic environment with the formation of lake chalk to sedimentation of coarse sands. This was caused by fluvial activity of the river Elbe, which had an imbalanced water regime in the Younger Dryas ( Vandenberghe 2003) . The macroremains record contains, among others, mainly charcoals and only sporadically plants. Frequent charcoals indicate an influence of fire during cold periods of the Glacial period (Daniau et al. 2010) . Larix and Pinus cembra are not recorded, although V. Jankovská (1992) reports a possible occurrence of P. cembra in the Doksy region at the turn of the Glacial period and the Holocene. These trees are typical of Glacial forests in the Carpathians and possibly the Moravian Gate . The Chrást profile contains besides Pinus sp. also charcoals of Picea sp. . The locality lies on the western border of the presumed area of distribution of spruce in the Late Glacial (cit.). The presence of pollen of broadleaved woody plants (Tilia and Corylus) is a result of long-distance transport. There is no evidence of their occurrence in the Late Glacial period in central Europe (Bittman 2007) . Broadleaved woody plants in the Late Glacial are known from central Europe only from Hungary (Magyary et al. 2010; Willis et al. 2010 ) and western Slovakia ). The Carpathian Arch was apparently a prominent biogeographical boundary at the time. Redeposited pollen of exotic woody plants (e.g., Carya, Pterocarya and Ilex) as evidence of eolean erosion in the Glacial period and redeposition of older sediments are another case. Eolean activity in the Glacial period was generally higher than today, and this does not apply only to the LGM, when loess sedimented (Fuhrer et al. 1999) .
Holocene
Rapid warming and development of the vegetation occured at the beginning of the Holocene (Walker et al. 2012) . At Hrabanovská černava, this manifests on the one hand as an increase of pine and fast decrease of birch, and as a retreat of herbs on the other (LPZ H3). Diversity markedly decreased under the influence of high pollen production of pine. The locality still retained its character of a shallow lake with rich aquatic vegetation. In the sedimentary record, an organic gyttja was replaced by the forming of lake chalk. The disappearance of the open water body has been dated to around 8,200 BP, when aquatic elements disappeared. The formation of freshwater limestones is typical of the Early Holocene. In the Elbe region, there is an analogous situation near Malý Újezd (Ložek 1952) . The formation of freshwater limestones indicates warming and an increase in precipitations. The activity of springs is very important in local conditions, see the sedimentation of meadow chalk at the end of the Allerød period in the Chrást profile. These changes in the pollen record did not happen at the Chrást locality; the locality was covered by a sparse woodland already in the Glacial period. The Glacial period/Holocene transition is evident here only in the sedimentary record, when sedimentation of sands ceased and sedimentation of fine floodwater clays commenced. This was determined by the change in the water regime of the Elbe, its cutting into the landscape and the formation of the Holocene floodplain (Vandenberge 2003 , Kalicky 2006 , during which floodwater clays, not gravel-sand, sedimented outside of the riverbed. The locality had a character of a shallow pond being gradually filled in by runoffs.
Ponds disappeared and a fen began to form at the locality. The prevalence of pine and birch is typical of the beginning of the Holocene in the Czech Republic, except only for the highest mountain elevations (Šu-mava and Krkonoše Mts), where the treeline gradually moved upwards and a forest replaced the mountain tundra. Overproduction of pine pollen overshadowed other taxa, which is why Artemisia or Heliantemum are recorded only sporadically in the Hrabanovská čer-nava profile. Their presence rules out the existence of a forest with an entirely closed canopy. Palynologically, it is difficult to intercept the spatial mosaic of vegetation (Fyfe 2007) . According to Vera (2000) , one important factor were large herbivores, which were common in the Early and Mid Holocene.
It is also interesting to compare these findings with the malacological evidence from the Early Holocene, in which species of open habitats were common next to forest elements. This was to a considerable extent influenced by the character of ecological conditions of pine forests, which can host heliophilous species (Novák & Sádlo 2005; Novák et al. 2012) . Truly forest species spread only in the Mid Holocene (Ložek 1973) . Evidence of this comes from karst regions, which cannot be directly compared with the Elbe region because they differ in having a limestone bedrock and extreme geomorphological gradients. Much closer is the analogy with floodplains of minor streams from the lower course of the river Ohře, where diffuse woodland vegetation with snail species of open habitats is assumed at the beginning of the Holocene (Ložek 1982) . The ecological conditions at the time facilitated the persistence of chernozems, which did not get degraded in the early Holocene (Eckmeier et al. 2007 ) under an open-canopy woodland.
Around 8,500 BP, gradual migration of broadleaved shrubs and trees took place (i.e., Ulmus, Quercus, Tilia, Corylus and Fraxinus), as documented by the Hrabanovká černava profile. Unfortunately, the sedimentary record from this locality is only sketchy, so we cannot interpret the chronology of the spread of these species in the Elbe region in more detail. At the localities under study, there is no noticeable peak of Corylus like there is at medium and higher altitudes (Rybníčková & Rybníček 1996; Pokorný 2004b) . Massive spread of hazel is typical of the Boreal period (Talantire 2002). The biostratigraphical classification of the Holocene in Central Europe is based on this (Firbas 1949) . This classification was derived mainly from profiles sampled at medium elevations, not from lowlands. The reasons for this difference are unclear. It could be caused by edaphic conditions, a persistent deficit of precipitations, but there is no evidence for this. Mixed oak woodlands dominated by Quercus were the predominant type of vegetation in places covered by loess. Evidence for this comes from the anthracological record from the Neolithic period (e.g., Bylany, Peške et al. 1998 ). In the Elbe region, a pollen record corresponding to mixed oak woodlands in the Mid Holocene is recorded only in the Elbe floodplain (Břízová 1998) . This is rather a reflection of specific conditions of the diverse floodplain environment. Vegetation changes within the floodplain were determined mainly by geomorphological changes, that is, meandering of the watercourse, the water table or the creation of floodplain terraces and the related extent of flooding. These factors affected not only vegetation succession in cut-off meanders, but also the accessibility of the area for human activities. The pollen record in the Elbe floodplain therefore cannot be straightforwardly approximated for the entire lowland.
The Mid and Younger Holocene in the Czech Lowland already saw a fully developed primeval settlement. Humans had colonized practically all suitable places. The pollen record was dominated by Pinus, Fagus, Abies. Other mesophilous woody plants are recorded only minimally. Considering the population density, we cannot assume the existence of extensive forest complexes, where these shrubs and trees could grow. The pollen log of the Hrabanovská černava in the Mid Holocene also holds evidence of local charring. Anthropogenic indicators started to appear along with relatively few cereals. The increase of human activity and deforestation of the surroundings of the locality is reflected in the pollen log (LPZ H-4) by an increase in taxonomic diversity, which approaches the level reached in the Younger Dryas (LPZ H-2). The AP/NAP ration remains constant, however, which is to a certain extent caused by high pollen production of Pinus. An analogical situation is recorded at the Chrást profile, where changes are not as pronounced, by contrast. The uppermost layers of the profile Hrabanovská černava contain evidence of the Medieval period, which in the Elbe region (Kozáková & Kaplan 2006 ) exhibits as a rise of anthropogenic indicators, typically Centaurea cyanus and Agrostemma githago. Sediments of Mid Holocene age (dated to around 6,200 BP) are completely degraded at the locality Chrást. This was caused by charring and postdepositional processes (formation of Dopleryte) accompanied by activity of springs and evaporation ), leading to a loss of a stratified paleoecological record. In the pollen log, the human impact is manifested in the openness of the landscape and an increase of ruderal taxa around the horizon of 6,000 BP. The Mid and Younger Holocene record at the locality Mělnický úval -Přívory profile is without clear stratigraphy and degradated by modern agriculture activities. In the modern time, the fen was drained and ploughed (Absolon 1972) , causing degradation of the fen sediment.
Conclusion
Changes of the environment and its diversity on the background of climatic changes at the end of the most recent Glacial period and beginning of the Holocene in the Elbe region have been demonstrated by a comparison of three pollen profiles, which differ in their origin and history. The Hrabanovská černava Fen was a shallow lake that got terrestrialized in the Early Holocene, creating a calcareous low moor. The Late Glacial meander Chrást has a complex history that is recorded in its sediments. It nevertheless has a But pollen spectra does not reflect Late Glacial and Early Holocene environmental changes. There is a clear boundary between the Pleistocene and Holocene periods in the pollen spectrum. The locality Mělnický úval -Přívory is a former small, shallow interdune lake filled by redeposited marl in an environment influenced by running water. The limiting factor for the vegetation of the Elbe re-gion was a deficit of precipitations. Trees and forest species were confined to the floodplain. There is evidence of the occurrence of Pinus, Betula and Picea during Late Glacial. Outside of the floodplain, there was a cold steppe with a strong presence of Artemisia and Helianthemum. In the Late Glacial period, the diversity of the environment facilitated contact among species that are today typical of alpine communities (e.g. Betula nana) and species of steppes (e.g. Heliantemum). This could have influenced the phylogenies of certain taxa that are phytogeographical separated today. The apparent relative uniformity of pollen spectra of the Early Holocene is determined by the taphonomy of these pollen spectra, a predominance of Pinus and Betula pollen and a suppression of herbs. Forests of this period were open and hosted a surviving steppe malacofauna like shows curve of Betula pollen. Vegetation in the Elbe floodplain had a different character, which was determined by the environment and the geomorphology of the Holocene floodplain. A human impact is weakly evident in the Mid Holocene, later became the principal factor governing the character of the vegetation in the environment of the Czech Lowland.
